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RADIATION SURVEYOF TEE SITERA 

~Yaywood Division 
h!aywccd, New Jersey 

Introduction 

A conprehensive radiation survey of Stepan Chemical Corqany's ~!.!.ywood 
Division plant has been conducted by Nuclear Safety Associates, Inc. The 
survey was designed to ascertain the radiological safety of work areas 
and to describe surface gamma radiation levels on the plant site. This 
is a report of the findings. 

The survey included measurements in the buildings, on +dCle plant 
grcurxis, on the thorium burial pits , and in the field at the west end of 
the site. 

Conclusions 

No significant alma radiation was found in radiological surveys of 
any of the plant buildings. This indicates that the buildings are free 
of radioactive material contamination. 

Gamma radiation expsur e rates in all buildings other than 3uilding 
76 are within a normal background range. Occupancy in Buildkg 76 is low 
and it is estimated that employee e,qmsure is increased by less ';Lan four 
percent of the Federal standard applicable to individuai mrnbers of the 
;xlblic, or about 20 millirem pzr year as a result of working therein. 

Elevated gamma radiation levels were observed in the southwestern 
portion of the field between Highway 17 and the rail spur, along a dike 
adjacent the rail spur leading to the plant, in an area of the 
northwestern quadrant of the field, and along part of the northern fence 
boundary. The maximum gamna exposure rate observed in the field was 460 
uR/hr- That is less thm the NFC regulatory lin?it on ernissible levels 

of radiation in unrestricted areas, 100 mrem in any 7 consecutive days 
(600 uR/hr continuously). 



Garuna Radiation Survey F 
Gamma radiation intensity on the Maywood Plant site was measurd by 

using a Ludlum &ode1 12s scintillation survey instrument. Each reading 
was taken with the instrument held about one meter above ground or above 
the floor in a building. In Building 3 only, which is atop burial site 
3, the ganuna measurements, reprt& in Figure 13, were made with the 
instrment on the floor. 

Calibration. The instrument used for the survey has been calibrated 
by correlation with indepndent measuraents of g-a expsure rate at 
the same locations above a land surface source of natural uranium or 
natural thorium- 

Correlations were established with both thermoluminescent dosimeters 1 
(TLD) and with pressurized ion chambers (PIG). The results are compared 
in Appndix A, Figure Al. For the gamma radiation survey on the V!ywood 
Plant site, the calibration was based on the State of Florida PIC above 
30 microroentgens Lper hour (uR/hr) and on combined State of Florida ?IC 
and University of Florida PIC below 30 uF+"hr. The calibration is 
explained further in Appnd& A. 

Results of Survey 

Surface Alpha Badiation Survey 
The locations in buildings where surfaces were wip sampled for 

removable a&ha emitting material ar e identified in Figures 1 through 
13. Unless otherwise identifid, each s'urface alpha sample was taken on 
the floor of the building. Cnly 3 of the 44 surface al@a samples 
exhibited any detectable alpha activity and none of the three exceeded 
one disintegration pzr minute pr 100 cm2 of area sampled 
(d&l00 4). Thus it can be said that none of the surface alpha 
samples exhibited any sigificant alma activity. This can be recognized 
by comparison with the NIX :econunended limit of 100 dpn/lOO cxrr? area on 
equipment released to the poiic. 
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Garnna Radiation Survey 
Buildincs. Figures 1 through 13 also display gamma radiation 

emsures rates measured in the buildings at the L%ywood Plant. Each 
value of the e-sure rate is shown on the plan view at approximately the 
same lccation in the building where it was measured. Ganuna emsure 
rates in all of the buildings other than Building 76 are within a normal 
range, as is illustratd in Figure 11, which is a histogram of those 
gamma radiation measurements. The geometric mean of those measurements 
is 7.4 &/hour , about the same as the naturally occurring radiation 
exposure rate in the Mawod area. 

Although the -sure rate was somewhat higher in Building 76, a 
geometric mean of 61 mr, the radiation is apparently ccming from 
ground adjacent the'building. Euilding 76 is a warehouse, usually 
unoccupied. Even if a person worked therein as much as an hour each day, 
his annual radiation e-sure would be increased by only about 
20 millire.m, which is but 4 percent of 500 millirem/year, which is the 
Federal standard applicable to individual members of the public. 

Plant Grounds. Garruna radiation measuraents of the plant grounds, 
including measurements atop burial sites 1 and 2 are displayed in 
Figure l-5 at the approximate location where they were measurd. Gamma 
radiation ewsure rates around buildings in the natural products area 
averaged 7.8 uR,/hr which compares favorably with the natural background 
e-sure rate in the Naywood area, 6 to 7.S uR&r, 
in southern New Jersey. 

or with that observed 

Gamma e-sure rates above the thorilum residue burial sites 1 and 2 
in the prking lot ani the lawn averaged 11 and 18 u.R/hrr reqzectively. 
Assuming continuous e-sure, each of these would be less than one-third 
of the Federal standard applicable to individual members of the public. 
No single reading exceeded the standard. 

The lawn area adjacent the southeast side of Building 76 where 
thorium processing facilities were once located was found to have 
elevated gamma Levels. &ssuming most -sure there occurs while mowing 
the grass, a person would receive about 1.5 millirem/year from dokng that 
job, or 3 percent of the Federal standard. Adjacent the west side of 
Building 76, gamma levels were somewhat elevated, but tkke area is seldom 
visited- 
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Garnna radiation levels along the fence between Buildings 76 and 78 

were elevated but all of the readings were less than 600 */hr. 
Continuous exposure at 600 @J--x would equal 100 mrem in 7 days, the 
regulatory limit on radiation levels in an unrestricted area. 

A small area near the electrical metering building in the 
southwestern quadrant of the plant exhibited somewhat elevated gamma 
radiation levels, apparently associated with a small, shallow deposit of 
residue. Gamma exposure rates at that spot may also be seen on Figure l5. 

Cn the basis of ganuna radiation levels observed in buildings and on 
the plant grounds during this survey, it is very unlikely that any Stepan 
employee receives as much as 500 millirem/year, the Federal exposure 
standard appropriat e for individual members of the public in public 
areas, while working at the Maywood Plant. 

Field West of Plant. The field at the west end of Stepan's property 
between the plant grounds, Highway 17, and the Susquehanna and Western 
Railroad was surveyed for gamma radiation using a Ludlum mcdel US survey 
instrument held about one meter above the ground. The survey is recorded 

on Figure l5. 
To aid in calibrating the survey instrument and to check on the 

measurements, g-a exposure rates at selected locations were measured by 
CdSO*(Dy) TID over a period of about two months. Exposure rates thus 
measured appear in Figure 16. They are within 3 uR/hr of the survey 
instrument measurement below about 20 uR/hr and differ by 18% above 20 
u.W= 

Elevated gamma levels were observed in the southwestern portion of 
the field between Highway 17 and the rail spur, along a dike adjacent the 
rail spur leading into the plant, in an area in the northwestern qadrant 
of the field, and along part of the northern fence boundary. The 

lccation and general ex tent of these areas can be seen in Figure L5. 
The measurements indicate the gamma exposure rate at one meter above 

ground in the area between Highway 17 and the rail spur is variable, 

, ranging up to a maximum single observation of 460 uR/nr. The radiation 
is associated with deposits of thorium bearing residues.' In the 
rnznainder of the field the maximum reading observed was 250 uR/hr in the 



northwestern quadrant of the field associated with thorium bearing 
residue and debris. Readings did not exceed 200 uR/hr at the fence 
surrounding the field and in most locations were mu& lower. 

For comparison with these nzknum levels, an NPC regulation on 
permissible levels of radiation in unrestricted areas (10 C!?R 20.105 (b)) 
states: 

t, . ..no licensee shall possess, use, or transfer 
licensed material in such a manner as to create 
in any unrestricted area from radioactive 
material and other sources of radiation in his 
possession:... radiation levels which, if an 
individual were continuously present in the area, 
could result in his receiving a dose in excess of 
100 millirems in any seyen consecutive days." 

The regulation would not seem to be strictly applicable in that the 
source of the radiation is not licensed material. It may, however, be 
useful for comprison. The field is completely fenced with chain-link 
fencing and is posted. Eeyond the fence, there are no residences 
adjacent the field: it is bordered by a railroad on the north, by a 
highway on the west, by conunercial property on the south and by Stepan's 
plant on the east. Clearly, the radiation exposure to a member of the 
public from sources within the field will also be less than the Federal 
standard of 500 mrem per year. Stepan aployees enter Lye field rather 
infrquently and because of the absence of activities in the elevated 
areas of the field, any exposure to employees is expected to be 
infrequent and at most only to small fractions of the standar,d of 
500 mrem/year . 

Accordingly, it ii concluded that the levels of gamma radiation found 
at the Stepan Chemical Company's Xqwood Plant do not present radiation 
exposures to plant employees or members of Lk pubiic in excess of that 
permitted by Federal :adiation standards. 
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Figure 1. Radiation Survey of Building 78. Numerical values 
are gamma radiation intensity CpR/hI. '. 
*7-S represents the location of a surface alpha 
sample. 
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Figure 2. Radiation survey in Buildings 52, 524, and 67. 
NumerLcai values are gamma radiaticn intensity 
CpR/hrI *-- S represents the location of a 
surface alpha sample. 



Figure 3. Radiation Survey of Building 20 
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Figure 4. Radiation Survey of Building 1 and 
Guardhouse. Numerical values aie 
gamma radiation intensity CpR/hrI 
*--S represents the Location of a 
surface alpha saqLe. 
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Figure 5. Radiation Survey in Building 13 
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Figure 7. Radiation Survey of Building 15 
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Figure 8. Radiation Survey of Building 14. 
Numerical values a*e gamma radiation 
intensity CW/hrI. *--S represents the 

. location of.a surface alpha sample. 
Alpha sample +43S was taken on the wall. 
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Figure li. Radiation Survey in Building 4. 
Numerical values are ga,mma radiation 
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APmDIX A 

Ludlum 12s Ganuna Scintillation Survey Instrument Calibration 

-. 

A Udlum l2S gamma scintillation survey instrment was used to 
measure tie gamma e-sure rate above a land source of natural thorium 
series and, to a minor extent, natural uranium series radionuclides. It 
was calibrated by comparison with C&O4 thermoluminescent dosimeter 
('JLD) measurements made abcve the same land and with pressurized ion 
chamber (PIG) measurements made above land containing natural uranium 
series radionuclides. Each calibration wint was obtained by making a 
measurement with the survey instrument and with a TLD or PIC at the same 
location abcut one meter above ground. 

A set of 21 TLD and instrument readings were made abxe land by 
Nuclear Safety Associates and the TLD exposure interpreted by Teledyne 
Isotopes. The TID were deployed appoximately two months and instrument 
readings were taken when the TID were retrieved. The land contained 
natural thorium series and a minor amount of natural uranium series 
radionuclides. 

A separate set of 24 readings was asserrbled from TLD readings made by 
the NFxZ and by a survey instrument reading made by %A at each of the TID 
locations. 

Two separate compxisons of the Ltidlum survey instrument and a PIG 
were made above land sources of natural uranium series radionuclides in 
Florida. In one case, a set of 15 measurements were made at the 
University of Florida. In the second case, the State of Florida 
Radiological Bealth Services compared six survey instruments of the same 
mcdel including the one of interest, wi+$h a PIC at 7 locations. 

Each FIG was initial31 calibrated by its manufacturer, F&uter Stokes, 
with a radioactive source traceable to the Nationai Bureau of Standards. 
The State's PIC has been recalibrated annually with an NBS secondary 
standard. 



The resulting 'best fit correlation curves describing the four 
compariscns appar in Figure AL Each comprison is best represented by 
a two cwnent linear fit. The TLD curves were generally higher than 
the PIG curves. Differences in the curves may be related to slight 
differences in energy de*ndent respnse between TLD and XC, in garnna 
spectra from land sources of natural thorim and natural uranium, or 
other related factors. 

Even so, the NSA TLD curve, made with CaS04(Dy) TLD over Lhe 
thorium bearing land of interest would indicate an emsure rate just 18% 
above the State of Florida PIC curve. This correlation would seem to be 

acceptable aqreement for the intend& field survey. 
Differences in TLD and PIC response may be seen in Figure A2. The 

energy dependence of Tel&Fe CaS04(Dy) TID and Reuter Stokes PSC are 
compared by normalizing energy response curves to unity at the enerqy 
level of one million electron volts (1 Wv). The energy respnse curves 
were provided by Teledyne Isotops and Reuter Stokes, Inc. respectively. 
The rezqonse is about the same between 0.1 and 1 L&V. Below 0.1 &NW, the 
TLD is more respnsive than the PIG. Although no data were reprtad 
above 1 Eev for the TLD, its energy reqonse above 1 1%~ should be about 
the same as it is at 1 Mev. Overall, the TLD should intiicate a slightly 
higher e-sure rate than the P?C when wsed to natural radiation from 
the ground. 

The garuna radiation speztra of both the uranium series and the 
thorium series are complex, include a broad energy band to about 2.5 Eev, 
and are similar when measured above a distributed land source of the 
radioactive material. The similarity is evident in Figure A-3 which 
applies closely to the dosimetry conditions of interest. In Fiqxe A-3, 

the integral exposure rate qectra a t one meter above land containing 

uranium series and thori-um series radionuclides res?ectivel.ya are seen 

a 3. peck and G. dePlatqqe, 1968, The padiation Field in Air Due to 
Distributd Qrrma Fav Scmrces in the Ground, HA%-195, Nay 1968. 
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to be similar. Either spectrum should be adequate for calibrating an 
instrument for surveying land under conditions similar to the 
calibration- Moreover, calibrating a field survey-instrment under 
conditions similar to its intended use (ief above a land source of either 
natural uranium series or thorium series radioactivity) is preferrable to 
calibration with a monoenergetic or even multienergy pint source in air. 

A calibration curve to be used with the Ludlum 12s survey instrment 
when measuring the gannna expxure rate about one meter abcve a 
distributed land source of thorium series and/or uranium series 
radioactivity was selected from the curves in Figure Al. The calibration 
of the Ludlum 3.2s survey instr~nt below 30 uR/hr is based on ccmbined 
State,and University of Florida PIG measurements, and above 30 uR/hr on 
the State of Florida PIG comparison. The reasons for the choice are: 

1. 
2. 

3. 

4. 
5. 

a PIG overrespnds less at low energies than TLD; 
the State of Florida has experience in calibrating the same 
model instrument to measure land sources of radiation; 
the State and the University PIG calibrations differ by 
less than 2 uR/hr when the expsure rate is less than 
30 u%%r; 
the PIG were calibrated with NBS traceable sources: and 
the survey instrument and PIG measurements of the land 
sources were made at Lhe same time (ie, same day and under 
identical conditions) . 
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Figure A2. Relative Sensitivity of Ca%14(lIy) 
Thermoluminescent Dosimeter and 
Pressurized Ion Chamber. 
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CHARACTERI~TION OF EWIOACTIVE LPWI'ERIAL IN TEE FIELD 
WESTOFSTEPANCHJ34ICALCOMP~ 

~Maywood, New Jersey 

Discovery of naturally occurring radioactive material in the field at 
the west end of Stepan Chemical Company's ~Maywood Division property has 
prompted an interest in its origin, nature and extent. Thorium was 
extracted from monazite in the adjacent chemical plant beginning about 
l902 and extending until 1956. During the l94Os, monazite ore was also 
processed for the extraction of rare earths. The radioactive material in 
the field is Fulat&, to be residue from that monazite processiw. 
Garnna spectrum analyses indicate that it contains natural thorium series 
and a lesser amount of natural uranium series radionuclides. 

A series of measurements has been conducted to characterize the 
radioactive material in the field. This report describes the results of 
the survey. 

An adeqate description of radioactive material in the field includes 
the spectrum of radionuclides, their location, and concentration. The 
spectrum, or relative concentration distribution of these nuclides has 
been established by analyses of material samples from the field. A 5arxna 
radiation survey above qound helped to locate near surface depsits of 
the radioactive material. Its location and concentration was then be 
defined by in-situ measurements and to a lesser extent by measurement of 
mterial samples collected in the field. 

Survey Grid 
To aid in describing sarrqling and measurement locations in the field, 

a grid was established by a land surveyor and survey stakes were placed 
on a loo-foot square grid over the field. This grid, identified in 
Figure 1, was used as a reference for the in-situ radioactive material 
survey and the gamma radiation survey. 

Garruna F!adiation Above Ground 
Ganma radiation measurements above ground helped to locate near 

surface demsits of radioactive material. To aid in locating thorium 



residue depsits in the field, a survey of the gm radiation exposure 
rate has been performed with a sensitive gm scintillation survey 
instrument. Readings were made one meter above ground on a regular grid 
over the field and along the boundary fence. The results are report& in 
the first section of this survey, Table 1, supra. 

ma Swtrm Analyses of Soil Samples 
The concentrations of garuna emitting nuclides in soil samples can be 

determind by muLti-channel gannna spectrum analysis (ICA). Some soil 
samples have been collected in the field and analyzed in this manner. In 
the field survey, %A analysis of core samples was used primarily to 
determine the radionuclide distribution and to be an independent 
comparison with in-s!itu single-channel gamma spa&rum analyzer (SCX) 
measurements. 

The sampling for KA analysis was done by augering a four-inch 
diameter hole in the ground with a flight auger to the depth of interest 
and driving a split-spoon sampler beyond that depth, by a hand-held core 
barrel auger, or by scraping a sample from the sidewall of the hole at 
the depth of interest. Usually, a sample was collectd from a six-inch 
or one-foot increment of depth in the ground. 

L&CA analysis of soil samples from the field was done by Dr. W. E. 
Eolch (U. Fla.) to identify the concentration of thorim and uranium 
series radionuclides. Key radionuclide concentrations in samples from 
the field which were analyzed in this manner are listed in Table 1. 3&t 
of the thorium concentrations measured by KA analysis of core samples 
agreed well with the in-situ SCA measur=nts. 

In-situ Peasurement of Soil Radioactivity 
In-situ measurement using an NaI scintillation detector coupled to an 

SCA is a practical way to survey land to determine the location and 
concentration of naturally radioactive material in the ground. The 
calibration and capability of the instrument and the survey me&d us.4 
in the field survey are described in Appendix A. 

. . . 

2 



mtions in the field and on the plant site which were e4xamined by 
in-situ SCA analysis for radioactivity in the soil are identified in 
Figure 1. The Th-232 concentration measured as a function of depth in 
the ground at each location is included in Appendix B in graphical form. 

Discussion of Measurements. Cverall, the measured radioactivity 
concentrations in the field, the physical appearance of core samples, 
above ground gma -sure rates , and the physical appearance of the 
ground surface all contribute to interpreting the survey. Together, they 
ptit to identifiable depsits of thorium-bearing residues in the field. 

One dewsit of thorium-bearing residue lies in the southern part of 
the field, bounded by the fence adjacent Highway 17 on the southwest, a 
railspur on its northeast side and apparent dikes on its northeast and 
southeast ends. An approximate outline of the area appears in Figure 1. 
Thorium-232 concentrations near the surface ranged from about 170 to 700 
picccuries per gram (gi/g). They diminished rapidly to about 5 pCi/g or 
less within 4 to 6 feet below the surface. The uniformity of the dewsit 
over the area, the concentration gradient with depth, and the apmrent 
boundaries of the dewsit suggest it was a settling area. Graphs in 
Pqendix B of measurements at location (7 + 75, C + 50) and at location 
(8, C + 79) are typical of measurements associated with that area. 

About 30 feet to the northwest of the first dewsit mentioned, 
between tkke fence adjacent Highway 17 and the same rail spur begins 
another apparent settling area. The measurements indicate some thorium, 
about 10 to 80 gi/g, near the surface in the southeastern end of that 
area. Thorium concentrations in the interior of the area are genemily 
low. A layer of material with elevated thorium concentration, ie, about 
40 to 230 gi/g, abut 2 feet thick occurs at a depth of about 8 to 
l.2 feet deep in this area. Measurement locations which illustrate the 
observed activity concentrations in this area are at (5, F), (6, E + 501, 
and (5 + 60, E + 200!. 

Another apprent settling area, bounded on its north and west sides 
by the rail spurs and on its east and south sides by dikes is indicated 
in Figure 1. mst of the residue in this area is less than 5 pCi Th-232/g. 

3 



However, a layer about a foot thick and containinq about 10 to 60 gi 
Th-232/q occurs about 9 to 11 feet deep. This profile can be seen in 
thorium concentration qraphs for locations (5, E), (5 + 12, D + 33), and 

(6, W- 
In the field north of the rail track leadinq into the plant, an area 

approximately within the bounds of qrid pints (2,A), (2,0), (4,D), and 
(4,A) is essentially free of thorium. At most other locations examined 
in that area, thorium was observed at scme depth. With exceptions, the 
deepest thorium depsit, or layer, observed in the northern half of the 
field, trends from about 3 to 7 feet near the northeastern side to I2 to 
14 feet deep near the western side. With a few wceptions, the deepest 
thorium depsition observed in this part of the field was less than 
a0 pCi/q. Other lesser radioactive or non-radioactive residues, 
construction debris, and earth fill have been demsited atop the material 
in the same area. 

In one area of the northern half of the field materials deposited 
nearer or at the surface also contain measurable thorium. Notables the 
area in the vicinity of grid pints (l,E), UtFl, (2jE), and (2,F) has 
thorium dewsited near the surface to a depth of ahut six feet. The 
maximum thorium-232 concentration observed in all but one location in 
this vicinity was less than 200 gi/g. At 3 l/2 feet deep at location 
(l,E), however, a peak concentration of 3000 si Th-232/g was recorded. 

In the northeastern corner of the field, an area bounded qenerally by 
grid line 1, qrid line C, the fence alonq the northern boundary, and 
Buildinq 76, has irregularly distributed thorium concentrations within 6 
to a feet of the surface. Thorium sludge was once retained in a pile 
surrounded by earthen dikes in approximately Lhe same area, but the pile 
has since been removed and the ground covered with earth fill. Peak 
thorium-232 concentrations ranqinq from about 10 to 2000 pCi/q were 
observed between about 2 and 8 feet deep in this area. 

The remaininq area surveyed for the presence of thorium lies between 
Buildings i6 and 78. Thorium was once refined in buildinqs situated in 
that area. The process buildinqs have been demolished, the debris 
removed, the area grad& and seeded with grass by Stepan and surveyed and 
released for unrestricted use by the NX. Because elevated gamma 
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radiation levels have been measured, prticularly in the southwestern 
prt of that area, thorium concentrations in the ground were also 
measured in this survey. 

Figure 2 explains the grid us& to identify the location of 
measurements made between Buildings 76 and 78. Thorium concentrations 
measured in-situ in that area are recorded in graphs in Appendix B. The 
presence of building debris , especially brick and tile, in the ground 
iq&ed augering holes for in-situ measurements in the area. 

Thorium concentrations measured in the ground between Buildings 76 
and 78 tended to exceed those measured in the field west of the plant. 
Feak thorium-232 concentrations of a few thousand picccuries per gram 
were measured within about 4 feet of the surface. More thorium-bearing 
material appears to'be accumulated along the western and southern sides 
of the field than toward Building 78 on the northeast side. 
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Table 1 

Fbdioactivity Concentration in Selected .%il %mples 

Sample Radioactivity Concentration 

Location we Th-232 U-238 a-226 
(grid1 

K-40 
cw @Wgl 

1 D 
1 F 
2 F+SO 
5 E 
5 E 
5 F 
6 E 
6 E+50 
8 C 
8 C 
8 c+79 
8+10 E3+10 
0+50 C 
3 G+20 
1 E 
6 C+82 
1 E+50 
1+50 Ii 
0+18 D 
6 E+50 
6+22 E+70 
6+30 E 
8+40 3+24 

3.25 - 3.75 
1.75 - 2.25 
1.75 - 2.25 
1.50 - 2. 
4.75 - 5.2s 
2.75 - 3.2s 
2.75 - 3.2s 
1.75 - 2.25 
2 *.7 5 - 3.2s 
5.75 - 6.2s 
1. - 1.25 
2.75 - 3.2s 
6. - 7. 

x2. -13. 
8. - 9. 
5. - 6. 
5. - 6. 
5. - 6. 
L - 2. 

11. -l2. 
5. - 6. 
7. - 7. 
3. - 4. 

0.2 
0.1 
0.2 
o.l.5 
0.7 
0.45 
0.3s 
0.4 

64.5 
0.9 

23s. 
1.3 
0.3 
0.3 
0.8 
7.3 

16.9 
0.1 
2.1 

170. 
103. 

0.3 
1. 

cl. 
<l. 
c 1. 
c 1. 

0.8 
Cl* 
< 1. 
Cl. 

< 1. 
0.9 
2.1 
1.7 
2.0 
5.3 
0.7 
3.1 

71. 
2s. 

0.83 

0.4s 
0.4 
0.35 
0.3 
0.5 
0.4 
0.9 
1.1 
2.4s 
0.6 
7.9 
0.8 
0.9 
0.5 
0.6 
0.9 
5.2 
0.5 
0.97 

12. 
31. 
0.7s 

1.3 0.92 

2.7 

1.7 

1.2 

. 8-S 

10.5 
?m 
ND 

7.7 
7.6 
NJ3 
ND 

7.6 
ND 
ND 

2.7 
9.1 
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In-situ Thorium Measurement &zthod 

Removirq a core sample and analyzing it by multi-channel ganuna 
spectrum analysis is a good methcd of measuring soil radioactivity 
concentration, but it is also slow and expnsive. Large land areas can 
be surveyed in less time and with less expense by in-situ gamma spectrum 
analysis. In-situ measurement is also able to analyze a larger sample 
than is practical in core sampling and laboratory analysis. hiereas S4 
Ge(Li) rely on control&d conditions and relatively long counting time to 
achieve precise measurements, in-situ measurement usirq an NaI detector 
takes advantage of a more sensitive detector irmers.& in a much larger 
sample to achieve precision. 

In-situ radioactivity concentration measurement is acccmglish& by 
lowering a gamma scintillation detector into a borehole in the ground. 
Coupled with a single channel gamma analyzer (SZ4), the gma intensity 
asscxiated with a key radionuclide is measured in-situ, its concentration 
determind, and the concentration of other radionuclides inferred frcm 
the distribution cbservd in representative core samples analyzed by 
multichannel garnna spctrum analysis WA). 

At Maywood, the radioactive source of interest is residue from 
processing monazite ore. It contains thorium series radionuclides and a 
lesser amount of uranium series radionuclides. The thorium series 
radionuclides should be in secular equilibrium since t!!e residue is more 
than 2.5 years old, unless radon-220 diffuses away. In moist soil at the 
site, radon diffusion is not likely to be significant. The minor 
constituent in residue, the uranium series, may not be in equilibrium 
however, because several uranium progeny have 103 decay times relative 
to the time elaFed since tke ore was chemically process&. 
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Actinium-228, the second decay prcdxt of thorium-232, was selected 
as t!he indicator radionuclide to measure in-situ since neiti2r 

thorium-232 nor radium-228, its first decay product, emits a detectable 
gamna ray. However, actinium-228 emits easily detect& gamma rays and is 
almost certain to be present in secular equiiibrium with thorium-232 in 
the material in the field. The progeny of actinium-228 have relatively 
short decay tires; all have less than Tao year half-lives. Thus, urll2ss 
radon-220 diffuses away, actinium prcqeny would also be in equilibrium. 

The relative conc2ntration of the uranic series nucliti2s to thorium 
series nuclides in the residue can be determined by km analysis of 
representative residue samples from the field. 

Th2 instrument used to perform the in-situ thorium survey was an NaI 
scintillation detector co@& to a single channel gamma spectrum 
analyzer. To make a measurement, the detector was suspend& stationary 
in a borehole about four inches in diameter. A timed, integral count of 
the 911-kev gamma rays from actinium-228 detected was record& by the 
SC.&. The derived counting rate was interpreted as a radioactivity 
cozentration by referring to a calibration curve established for the 
instrument and detztor. 

For the survey of residues in tie field on Stepn's proparty, the 
calibraticn was done empirically by correlation with K?, analysis of 
samples of soil-residue mixtures. Seven mixPJres ranging from 0.2s to 
2300 si tnoriurn-232/g were sampled and analyzed by XX About 70 liters 
of a mixture ms put into a drum and a three inch diameter hole mari to 

the center to simulate field source conditions. The %.A detector was 
inserted into the center of each calibration drum and a tixd, intqral 
count of th2 911~kev actinium gamma radiation was record&. The 
correlation ketxeen th2 Lhorium concentration in the calibration 
standards measured by AU analysis and by the .5CA counting rate is 
excellent 'over three orders of magnitude in concentration. Khereas KA 
Ge(Li) rely on controlled conditions and relatively long counting time to 
achieve precise measurements, in-situ measurement using an NaI detector 
takes advantage of a more sensitive detector immersed in a rn~h larger 
saqle to a&ieve precision. 

A-2 

.~-~ --.-- ~-...-- -... ------.-- ..- --.--.- -~-.~ --..-. -.- ---- 



In field conditions where soil radioactivity may not be uniform, the 
correlation between activity concentration measured in-situ by SC4 and 
measured in a core sample from the same location by CA may not be as 
high as exhibited under calibration conditions. The main reason, simply 

stated, is that the same sample is not analyzed. The thorium bearing 
material being examined is not uniform usually: the thorium concentration 
may vary significantly within a fraction of a foot. Uncertainty in 
determining the depth from which a core sample was extracted and 
uncertainty in locating the detector for a in-situ measuraent at the 
same depth, combined, seem to have the most effect on the correlation. 
Otherwise, the volume of material analyzed by the SCA in-situ is many 
times larger than the volume of core sample analyzed by EA. For the 
characterization of 'radioactive mterial in the field, averaging over the 
larger volume as measured in-situ by %A would seem to provide a more 
representative measurement of radioactivity concentrations than the 
analysis of a small sample by MX. 

Figure Al illustrates the correlation betieen KA analysis of core 
samples wtracted from the ground manually and SCA analysis at the center 
of the sampling depth of each core. To make these measurements, an area 
of residue was core sampled in six-inch or one-fmt sections and each 
section was analyzed by CA in an offsite laratory. In-situ 
measurements were made in the core holes with the detector psitioned at 
the depth corresnpndinq to the center of each core section. The field 
conditions for most of these in-situ measurements were demanding in #at 
there was a strong thorium concentration gradient with depth. 
Nevertheless, the comparison is quite good (realizing that the samples 
analyzed were not exactly identical.) In-situ measurements at three 
inches depth or less display a low bias since the detector was 
incompletely surrounded by soil. Otherwise, there is no apparent bias 
between the two methods of measiirement. 

In order to insure repeatability and accuracy during the survey, the 
calibration drums were kept and used throughout the survey to check and 
maintain the in-situ instrument calibration. 
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Thorium-232 Concentrations in the Field 
West of Stepan Chemical Company 
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